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Specifications 

1. Name of Invention: Etching Device 

2. Scope of Patent Application: 

(1) An etching device equipped with 

• A vessel into which reactive gas for etching is put, 

• A pair of electrodes that are positioned therein to 
face each other and at least one is charged with high- 
frequency electric power and one other of this pair of 
ele^rodes has installed at its periphery a auxiliary 
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•.->,=> H-r-ive means enabling it to 
^ rnserced^extracted^nd so able to vary the area 
o£ the above-noted electrode. 

(2) Th e etching device described in Scope of 

it«. 1 of this Patent *^ 6 ^ so multiple rings 

drive mechanism employing an arr cylinder. 

(4) The etching device c ,es cribed in ^ « 

2 of this Patent Application, wn co gwheel so as 

dr.ve means being assembled wxth a sere movement 
to change ^.rotational mot xo^to^^ & reversible „ 
and by receiving its rotary y 
3. Detailed Explanation of Invention 

utilization This invention is one 

Field for Commercial "tilxM* - n the ste ps of semicon- 

bearing on an etching device ^ed ticular relates 

ductor manufacturing P r ^ S . f a a dry-etching 

to adjusting the electrode ^ 3 r ^ applying 
device by flooding reactive gas into a 
high-frequency electrical power. 

■x ^ a side view of part of the 
Usual Technology Figure 3 xs f ^ instance , on pages 121- 
usual etching device ^J^Lhed in November 1984. 
122 of "Semiconductor World pu blisn afced by vacuum 

in the figure, (1) x. * J^^f f e vice (3) supplies a 
pump (2) and to which gas supply the ^ 

Reactive gas that ind ucej the ^ching. I ^ 
electrode positioned in this ^ wer source (5) . 

high-frequency power by ^^^^ed in a position 
(6) is the grounded 2 elect* mat erial of the 

electrodes (4) and (6) . 

rpfprring to Figure 4. 
Next , I will explain * opera , re o£ the 

SSS^S^S: ao^f-t^electrodes ,4, and 
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When high-frequency power is applied at 1 electrode (4), a 

plasma is created between both electrodes (4) and (6), 

formng an ion sheath on the surface of both. Being in an 

electrical field, electrode (4) is injected with highly 

mobile ions, giving it a negative potential Vc . Meanwhile, 

in plasma (8) positive ions are in excess, giving a 

nncitive charge V P to plasma (8). That creates a potential 

£ erlnce In" the' above-noted ion sheath that is . called an 

ion accelerating voltage (self bias) . l sC electrode (4) s 

ion accelerating voltage VI is expressed in VI Vp - Vc 

while the ion accelerating voltage V2 of 2- . elect rode ( 6) 

is V 2 = Vp. Positive ions accelerated m plasma (8) by this 

• t^,^^ ui 1 st electrode 4) collide 

ion accelerating voltage VI of 1 eiectroae v , 

vertically into the surface of material (7) and do the 
etching . 

When ion accelerating voltage Vl is increased, its 
selectivity (the ratio of the etched material to non-etched 
material) weakens and the test material also will easily 
receive damage. When it is greased the processing 
traits worsen and the etching rate falls off so that one 
must devise a correction. This ion accelerating voltage Vl 
Ts affected by the density and the electron temperature m 
the plasma and changes with the infection voltage and 
distance between the electrodes (changing automatically 
according to Patent Sho . 60-88540 ) . However, it also 
relates to the area ratio of electrode (4) to electrode 
(6) If, for example, the plasma's density and electron 
temperature were in a perfectly uniform state and 1 
electrode (4)<s electrode area is expressed as S and 2 
electrode (6)<s electrode area is expressed as S2 , one gets 

VI = (S2) n (2) 

V2 SI 

Here n would be 4 if the other conditions were constant 
fence, by altering the area ratio of electrodes (4, and (6) 
to correspond with differences in the dimensions or 
substance of test material (7), one can change the ion 
accelerating voltage and get optimal etching conditions. 

issues the Invention Seeks to Resolve The usual et ching 
devices are made up as described above, so that to change 
the area ratio of their two electrodes one must replace at 
least one electrode with one having a different area So, 
at least for the many etching steps ordinarily repeated 
tens of times outside of the laboratory in the process of 
semi-conductor manufacture, it is necessary to deal with 


thi. b y setting up separate customed 

when changing the d^ensxons °^ ufacturing proC ess, one 
everything. Or, if cha ^ a f single _ fu nction equipment, so 
must replace the ind ^ ld ^ i ^nductor fabricating equipment 
that-cost aspects aside-semicond ^iso to give the latest 
overall has lacked adaptability Al so ^ ^ ^ 

etched-groove forms an ^^^gh; but in such case it 
conditions are changed "^waythr ough ^ electrodeS/ 

i^-^pS^^- - ~ ent is not 

easy . 

revised to resolve such problems as 
This invention was devised to ng an etching 

those noted above and has ™pu P ele ctrodes can 

device in which the area ratio or 
readily be changed. 

Mean s to KesoXve ^^.^ £ t S. thl ' 
invention is one in Y hl ^ "lied with a drive means at the 
auxiliary electrode is galled «t q£ facing 

outer perimeter of at least on 
electrodes . 

a ™« of the electrodes having an 
Effects The electrode area o f t he can 

auxiliary electrode installed in inserting or 

readily be increased orde ^ e ^f insertion/retracting 
retracting that ^ ectr °f t ^ r ^£ alter the area ratio of 
means, thus enabling one to readily 
the etching device's two electrodes. 

Xnvention's Application ^^^Z^^X^ 
example of applying ^"evlce s parts U>-(7) are 
figures. In Figures 1 and 2 the de usualdevice . (9) is 
identical to those of the above electrode at the outer 

a -tackable ri^-s^P^ *™ {1Q) \ B a drive means 
perimeter of 2 electro seC ured to vessel (1 

consisting of an air c/lina-i ' d _ connecting rod (10b), 
(secured part not ^^f^f^n^in air cylinder 
one end of which fastens to the piston above _ note d l sC 

(10 a)and the other end o which fas ( 
electrode (9) and which i • can ring . s haped electrode 

is a 2- auxxlxa^. stackable^ (9) . (12) lS 

outside of above-noted 1 auxi drive me ans 

the same kind of dnye means inder {12a ) and a 

(10) and also consists of an g eC ured to 2- auxiliary 

connecting rod (12b) wicn 
electrode 11- 
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When, in the etching device made up as described one is 
chanqinq the material or dimensions of test sample (7) for 
instance, and it becomes necessary to alter the area ratio 
of the electrodes (4) and (6) so as to set optimal 
conations for etching, one moves the piston downward m 
drive device (10) 's air cylinder by applying air pressure 
so that it superimposes on the outs.de pen er of 2 
electrode (6), adding to the area of e lectro^. As xn 

the above-noted equation, that can enlarge 1 electrode 
(4?<s "n accelerating voltage VI. And, when one wishes to 
urther increase this voltage VI, one can si-larlY lower 
2" d auxiliary electrode (11) with drive device (12K super 
imposing it on the outside of 1 st auxiliary electrode (9). 

Now, if one wants to decrease ion accelerating voltage VI. 
in contrast to the above, one causes the piston to rise 
upward in air cylinder (12a) of dnve^ean ^J^.V* 
^viliarv electrode (11) and then similarly raises i 
TuxUiaS Strode (9) to sequentially remove xt undone 

^^^^^^ sS^ w 

muicipxe , t de {6) through being inserted or 

the area of 2 electrooe ioj u u plectrode (6) by the 
extracted at the outer perimeter of 2 electrode w y 
drive means (10) and (12), making it possible to increase 
or decrease the ion accelerating voltage Vl . 

in the above-noted application example we ideated a case 
whereby the supplemental electrodes (9) and (11) were 
installed at 2«« electrode (6) . However they could be 
• _ a * i sc Plectrode (4) or even at both eleccroaeb 

ufand (6t to get the same effects. And, we showed a case 
of tSe drive means (10) and (12) using air cylinders (10a) 
and (12a) ; but one may also use a hydraulic cylinder or, as 
needed supply the rotary power with a reversible motor 
combined with screws or cogwheels to shixlr 
electrodes (9) and (ID to prescribed positions o 
get the same effects as with the above-noted application 
example . 

invention's Effectiveness With this invention ^ ^ the 
above, using the simple structure of installing auxiliary 
electrodes that can be inserted or retracted by a drive 
Mechanism makes it possible easily to change the area of 
electrodes with which these auxiliary electrodes are 
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installed, easily yielding various optimal etching 
conditions and having the effect of broadening the 
utility of the device. 

Simple Explanation of Figures 

Figure 1 is a side-view diagram showing a part of the cross 
section of the etching device from one application example 
of this invention. 

Figure 2 is the same side view as Figure 1, showing the 
situation when one auxiliary electrode is superimposed on 
the periphery of the 2 nd electrode. 

Figure 3 is a side view of a partial cross section of the 
usual etching device. 

Figure 4 is an explanatory chart showing the potential 
distribution between a pair of facing electrodes. 

In the figures, (1) is a vessel, (4) & (6) are a pair of 
facing electrodes, (9) & (11) are auxiliary electrodes and 
(10) & (12) are drive means. Identical keying symbols in 
the figures indicate identical or comparable parts. 


Agent : Masuo Oiwa 
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electrode of a pair of facing electrodes attached 
CONSTITUTION: Auxiliary elect r° d a e n S d V 2 te provided at the outer 
and detached by driv.ng mea ns 1 0 and f 12. are provw deg 4 

periphery of at least one electrode 6 o pa.r o Ta g ^ jg 

and 6. Air pressure m. *W^ d J*™££]s lowered and overlapped to 
m oved downward. Then 1 *e elected e 3^sw area on ^ 

the outer periphery of the eMrode ™* aoC elerating vottage VI 
side of the electrode 6 is lncr e a ^; voltae e VI is to be further 
of the electrode 4 £*m£ ™ans 12 and 

increased, the electrode 11 is low ere ° ^ . . 9 Tnus area 
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